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Abstract 
The European Water Framework Directive (WFD) requires the national classifications of good 
ecological status to be harmonised through an intercalibration exercise. In this exercise, 
significant differences in status classification among Member States are harmonized by 
comparing and, if necessary, adjusting the good status boundaries of the national assessment 
methods.  
Intercalibration is performed for rivers, lakes, coastal and transitional waters, focusing on 
selected types of water bodies (intercalibration types), anthropogenic pressures and Biological 
Quality Elements. Intercalibration exercises were carried out in Geographical Intercalibration 
Groups - larger geographical units including Member States with similar water body types - 
and followed the procedure described in the WFD Common Implementation Strategy Guidance 
document on the intercalibration process (European Commission, 2011).  
The Technical reports are organized in volumes according to the water category (rivers, lakes, 
coastal and transitional waters), Biological Quality Element and Geographical Intercalibration 
group. This volume addresses the intercalibration of the Northern Lake GIG Fish fauna 
ecological assessment methods. 
Two countries (Norway and Sweden) participated in the intercalibration exercise and 
harmonised their lake fish fauna systems. The results were approved by the WG ECOSTAT 
and included in the EC Decision on intercalibration (European Commission, 2018).  
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1. Overview of methods to be intercalibrated 
Methods and required BQE parameters 
The official Norwegian and Swedish national lake fish-based assessment methods did not pass 
the feasibility check for intercalibration (IC) with Finnish and Irish methods (see Annex 1). 
They were also conceptually different and therefore not possible to intercalibrate bilaterally. 
Therefore the present approach was to submit two new multi-metric fish indices, each 
developed jointly to address two different pressures (AindexW5 for acidification, EindexW3 
for eutrophication, Annex 1). Both methods include metrics of species composition and fish 
abundance, whereas age structure is included indirectly by mean length of commonly 
occurring fish species (Table 1). As the multi-metric indices are given as average metric 
scores, there is no need for additional combination rules.  
Table 1: Overview of metrics included in the Norwegian-Swedish fish-based assessment methods for 
acidification (AindexW5) and eutrophication (EindexW3). For more details see Annex 1. 
  
Sampling and data processing 
Sampling is performed in mid to late summer by Nordic multi-mesh gillnets according to 
European standard (EN 14757: 2015), where the number of benthic gillnets used depends on 
lake area and maximum depth. Additional sampling is optionally done with pelagic gillnets, 
but all metrics used in AindexW5 and AindexW3 are calculated from the combined catch in all 
benthic gillnets only. 
National reference conditions 
All metrics of both common fish indices are calculated as standardised deviance (Z-scores) 
from site-specific reference values, as modelled by multiple regressions with environmental 
factors (se Annex 1). The models were calibrated using fish samples from lakes passing a 
filter with reference criteria as in previous European and Northern lake fish intercalibration 
groups (see Annex 1). We considered these reference lakes to be in a near-natural state or 
in least disturbed conditions.   
 
 
 
Index Species composition Abundance Age structure
Combination 
rule of metric
Nsp: number of f ish species
CyprProp: Biomass proportion of 
cyprinids 
pPisPercids : Biomass proportion 
of potentially piscivorous percids
EindexW3
pPisPercids : Biomass proportion 
of potentially piscivorous percids
Npue: total number 
of f ish per gillnet and 
night
gmLperch: 
geometric mean 
length of perch
Average metric 
scores
Average metric 
scores
AindexW5
NpueRoach: 
number of roach per 
gillnet and night
gmLroach: 
geometric mean 
length of roach
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National boundary setting 
Both common metrics can range between near 0 and 1, representing the average of metric 
probabilities (P-values) to be taken from a reference lake. The high/good (H/G) boundary was 
set at the 25th percentile of each index reference lakes, and the three remaining boundaries 
(good/moderate, moderate/poor and poor/bad) were set at equal distances from the 
high/good boundary. 
The biological reference conditions represent the range of metric and index values found in 
reference lakes (Figure A4 in Annex 1). Ecological quality ratios (EQRs) are calculated by 
dividing the observed index value by the median value in reference lakes. 
2. Checking for compliance of national assessment methods for the 
WFD requirements 
Compliance was checked according to WFD criteria and results are given in Table 2. As both 
the Norwegian-Swedish fish indices were developed with a similar procedure, all compliance 
checking results apply equally to both indices, i.e. AindexW5 and EindexW3. Both methods 
passed the compliance check. 
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Table 2: List of WFD compliance criteria and the WFD compliance checking process and results
 
Compliance criteria Answ ers apply to both AindexW5 and EindexW3
1. Ecological status is classif ied by one of five classes 
(high, good, moderate, poor and bad). 
Yes
2.  High, good and moderate ecological status are set in line 
w ith the WFD’s normative definitions  (Boundary 
setting procedure )
Yes
3.  All relevant parameters  indicative of the biological 
quality element are covered (see Table 1 in the IC 
Guidance). A combination rule  to combine parameter 
assessment into BQE assessment has to be defined. If 
parameters are missing, Member States need to 
demonstrate that the method is suff iciently indicative of the 
status of the QE as a w hole. 
Yes, see Table 1
4.  Assessment is adapted to intercalibration common 
types  that are defined in line w ith the typological 
requirements of the WFD Annex II and approved by WG 
ECOSTAT
No, typology variables are used in modeling site-specic 
reference values 
5. The w ater body is assessed against type-specific 
near-natural reference conditions
No, site-specif ic reference conditions
6. Assessment results are expressed as EQRs Yes
7. Sampling procedure allow s for representative 
information about w ater body quality/ ecological status in 
space and time 
Yes, by using benthic gillnets according to EN 14757.
8.  All data relevant for assessing the biological 
parameters  specif ied in the WFD’s normative definitions 
are covered by the sampling procedure
Yes, they are all covered by EN 14757, w ith optional 
sampling for age structure.
9.  Selected taxonomic level achieves adequate 
confidence and precision in classif ication 
Yes
10. Other criteria No
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3. Methods’ intercalibration feasibility check 
Typology 
Intercalibration is feasible in terms of typology, because Norwegian and Swedish lakes 
similarly cover broad and overlapping ranges in typology variables used in modelling site-
specific reference sites (Table 3). 
Table 3: Descriptive statistics for typology variables in the models of fish metric reference values. 
 
Pressures addressed 
Intercalibration is feasible for acidification and eutrophication, i.e. the pressures specifically 
addressed by the two common fish indices. Data on pH, total phosphorous (TP) and % 
agricultural land use were available for a sufficient number of lakes. A subset of 253 reference 
and acidic lakes covered pH values from 4.2 to 8.1 with a mean of 6.1 (just above the lower 
threshold of pH = 6 for reference lakes). Another subset of reference and eutrophic lakes had 
data on TP for 200 lakes (mean 14 μg/L, range: 1-170) and % agricultural land use for 194 
lakes (mean 6, range: 0-70). 162 lakes in the common dataset had one or more other 
identified pressures, e.g. 54 limed lakes, 52 lakes with hydromorphological alteration and 17 
lakes with repeated stocking of one or more fish species. Lakes with other pressures than 
acidification or eutrophication were excluded from the intercalibration dataset, because no 
tested fish metrics responded consistently to other pressures (Annex 1). 
Assessment concept 
Intercalibration is feasible as both methods (AindexW5 and EindexW3) were originally 
developed with data from both countries, using the same assessment concept (Table 4) in 
order to assess status related to impact of acidification and eutrophication, respectively.  
 
 
 
 
 
 
Environmental variable N Min Max Mean SD N Min Max Mean SD
Altitude (m) 203 10 1500 413 335 424 0 952 214 209
Lake area (km2) 203 0.01 23.14 1.12 2.40 424 0.02 51.73 2.52 6.06
Maximum depth (m) 155 3 245 24.8 26.8 424 1 64 13.1 11.0
Annual average air temperature (⁰C) 194 -2.8 7.1 3.4 2.6 423 -3.8 7.7 4.4 2.6
Amplitude temperature (July-January, ⁰C) 194 7.2 24.5 17.5 3.3 423 17.1 29.5 20.4 2.6
Norw egian lakes Sw edish lakes
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Table 4: Evaluation of IC feasibility regarding assessment concept of the two national methods, each 
developed for use in both Norwegian and Swedish lakes.  
 
The intercalibration exercise will merely require agreement on using the common methods. 
The practical use of each method includes the following steps; 
1) use calibrated models to calculate site-specific reference values of index-specific metrics,  
2) calculate differences between observed and reference metric values, 
3) transform the differences to standardised Z-metrics, and to one-tailed probabilities (P-metrics), 
depending on if the metric is increasing or decreasing in response to index-specific pressures 
(see Table 5 in Annex 1), 
4) calculate each index as the average of the index-specific metric scores (P-values), 
5) calculate EQR of each index, by division of observed index value with the median index value in 
reference lakes , 
6) assess status by comparing EQRs with index-specific class boundaries. 
4. Collection of IC dataset 
IC data set and reference sites 
From a common dataset covering 627 lakes (203 Norwegian, 424 Swedish) sampled with 
Nordic gillnets according to EN 14757: 2015 (see Annex 1), the IC dataset consisted of data 
from the last sampling event in three subsets of lakes (Table 5); 1) 174 lakes passing 
reference criteria, 2) 109 acidic lakes (pH < 6) and 3) 76 eutrophic lakes (TP > 12 μg/L and/or 
agricultural land use > 19% of the catchment area), where each of the subsets 2 and 3 
excluded lakes with other known pressures than the one specifically targeted. 
Table 5: Overview of the Norwegian-Swedish fish IC dataset. The table show number of lakes with 
biological, physical-chemical and pressure data, within subsets of reference, acidic or eutrophic lakes. 
Numbers are shown for all lakes within each subset (All), as well as for lakes dominated by fish species 
preferring warm (Warm) or cold water (Cold).  
 
Method Assessment concept Remarks
AindexW5
Five metrics responding to acidity pressure, representing species 
composition, abundance and age (or rather size) structure of f ish sampled in 
the benthic habitat.
See details in 
Tables 1 and 2 and 
in Annex 1
EindexW3
Three metrics resonding to eutrophiction pressure, representing species 
composition, abundance and age (or rather size) structure of f ish sampled in 
benthic habitat. 
See details in 
Tables 1 and 2 and 
in Annex 1
Member state Fish type Reference Acidic Eutrophic
All 46 85 5
Warm 11 27 2
Cold 35 45 3
All 128 24 71
Warm 111 15 68
Cold 17 3 3
Sw eden
Norw ay 
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Both common fish indices were optimized for use in Norwegian and Swedish lakes dominated 
by warm water fish (Annex 1). The indices responded to the index-specific pressures (see 
Annex 1), and the datasets covered lakes from high to bad status (Figure 1). 
In summary, the selected IC dataset passed all acceptance criteria for proceeding with the IC 
(Table 6).  
 
Figure 1: EQR-values in relation to pressures, for a) the acidification index (AindexW5) and pH b) the eutrophication 
index (EindexW3) and total phosphorous (TP, μg/L), in lakes dominated by warm water fish species, and with no known 
pressure except for index-specific pressures. Vertical reference lines are set at pH = 6 and TP = 12, respectively, i.e. the 
thresholds used to identify reference lakes. Horizontal reference lines are set at class boundaries derived for Warm fish 
lakes (H/G = blue, G/M = green, M/P = yellow and P/B = orange). 
Table 6: Overview of data acceptance criteria used for data quality control 
 
 
 
Data acceptance criteria Data acceptance checking
Data requirement (obligatory and optional)
OK. All lakes w ere sampled w ith Nordic benthic gillnets 
as requred, and only lakes w ith relevant environmental 
factors and pressure data w ere selected.
The sampling and analytical methodology
OK, w hen accepting minimum deviance from EN 
14757:2015
Level of taxonomix precision requred and taxalists w ith 
codes
OK. The species identity w as given for each fish in the 
gillnet catches (or in a few  cases genus).
The minimum number of sites (lakes) / samples per 
intercalibration type
OK, at least for lakes dominated by w arm w ater f ish 
species.
Sufficient coverage for all relevant quality classes per type OK, covering lakes from high to bad status
Other aspects w here applicable Not relevant
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5. Common benchmarking 
Indices were developed with common references lakes passing the following criteria; 
- at least 81% natural or semi-natural land in the catchment, 
- not more than 10 inhabitants per km2 catchment, 
- annual mean of total phosphorus (TP) not more than 12 μg/L,  
- annual mean pH between 6-9, 
- no upstream barriers, 
- no lack of connectivity, 
- no significant water level fluctuation, 
- 0-10% shoreline (bank) modified, 
- no urban/industrial discharge, 
- no stocking, 
- no biological or chemical manipulation (e.g. liming to counteract acidification), 
- low exploitation of fish population by fishing. 
The biological reference conditions can therefore be described as the ranges of fish metric 
and index values in samples taken from reference lakes. For reference as well as impacted 
lakes, the reference conditions of individual metrics will be also represented by site-specific 
reference values (Table 7). Common reference condition of fish indices AindexW5 and 
EindexW3 are set at the median index value in the reference lakes. It translates to the 
maximum value of 1 at the EQR-scale, because any observed index values above the 
reference value are by default given EQR = 1. 
Table 7: Intercepts and coefficients of regression in models of reference values for each fish metric used 
in indices AindexW5 and/or EindixW3. Transf. describes how fish metrics and environmental factors are 
transformed before use. SDresid is standard deviation of residuals (observed minus predicted values) for 
reference lakes. SDresid is used in the transformation of residuals to standardised Z-metrics.  
 
 
Benchmark standardisation 
The benchmarks of index values and index EQRs are already given by the common methods 
for use in both Norwegian and Swedish lakes (Annex 1). There is consequently no need for 
further standardisation before intercalibration.   
 
Intercept Altitude Altitude2 lake_A (lake_A)2 max_Z (max_Z)2 ave_T amp_T (amp_T)2 SDresid
Metric Code Transf. lg10(x+1) lg10(x+1) lg10(x) lg10(x) lg10(x) lg10(x)
Npue lg10(x+1) 0.846 -0.046 0.102 0.589 -0.425 0.058 0.00096 0.2403
NpueRoach lg10(x) -0.0731 1.883 -0.643 -0.297 0.000756 0.3810
Nsp lg10(x+1) -0.861 0.131 0.0568 0.0974 -0.00143 0.1294
gmLperch lg10(x) 2.030 0.0158 0.0320 0.0802
gmLroach lg10(x) 2.109 0.0941 0.0407 -0.00820 0.0726
CyprProp lg10([x+0.01]/[1.01-x]) -2.234 -0.149 -0.176 0.170 0.0941 0.5489
pPisPercids lg10([x+0.01]/[1.01-x]) -6.235 0.332 0.190 0.283 0.188 0.5086
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6. Comparison of methods and boundaries 
IC options and common metrics 
In a wide sense the IC procedure involved the development work behind each of the 
Norwegian-Swedish fish indices AindexW5 and EindexW3. In a more narrow sense, we applied 
IC option 1, because we used the same data acquisition and the same numerical evaluation. 
There is consequently no need for additional common metrics. 
Results of the regression comparison 
As indicated above, with two common methods addressing two different pressures there is no 
need to regress EQRs of either method to any additional common metrics. 
Evaluation of comparability criteria 
Both the acidification index AindexW5 and the eutrophication index EindexW3 are equally 
developed and used for lake-dwelling fish assemblages in Norway and Sweden. In both 
countries the metrics,  indices and class boundaries (Table 8) primarily apply for lakes with 
natural occurrence and dominance of fish preferring warm water. AindexW5 might also be 
used to indicate effects of acidification in in lakes dominated by cold water fish, and in lakes 
where no fish are caught in the standard sampling with Nordic gillnets (Annex 1).   
Table 8: Class boundaries to be included in the IC decision.  
 
Norw ay AindexW5 0.74 0.55
Sw eden AindexW5 0.74 0.55
Norw ay EindexW3 0.75 0.56
Sw eden EindexW3 0.75 0.56
Good-
moderate 
boundary
Ecological Quality Ratios
High-good 
boundary
Member 
state
Classif ication method
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7. Description of the biological communities 
Biological communities at reference sites  
Reference lakes in Norway and Sweden are either dominated by fish species with warm water 
preference (e.g. perch and/or roach) or by species preferring cold water (e.g. brown trout 
and/or Arctic charr). The fish communities in reference lakes vary with natural environmental 
factors, even within lakes dominated by fish in the same temperature guild. The interquartile 
range at reference lakes is less than the median value for species richness and geometric 
mean length of perch and roach, but considerably higher for the other fish metrics that are 
included in multi-metric fish indices AindexW5 and/or EindexW3 (Table 9).   
Table 9: Mean and median values and interquartile ranges of fish metrics in the 122 Norwegian and 
Swedish reference lakes that are dominated by warm water fish. 
 
Biological communities at boundary conditions between good and moderate status 
In lakes with moderate status caused by acidity, the metrics Nsp, CyprProp and NpueRoach 
are relatively lower than site-specific reference values, but pPisPerccids and gmLroach are 
comparably higher. Roach and other acid-sensitive cyprinids are not present in all reference 
lakes at high or good status. Wherever they occur, they may, however, disappear due to 
recruitment failure if acidification pressure becomes more severe.  
Lakes with moderate status caused by eutrophication differ from site-specific reference values 
in different, sometimes opposite, direction compared to acidified lakes. In eutrophic lakes, 
the abundance (Npue) is higher, while pPisPercids and gmLperch have lower values than in 
high and good status lakes.  
Fish metric Metric code Mean Median 25th perc. 75th perc.
Number of species Nsp 5.2 5 4.0 6.2
Biomass proportion of cyprinids CyprProp 0.31 0.30 0.15 0.45
Biomass proportion of potentially piscivorous percids pPisPercids 0.35 0.33 0.18 0.46
# of individuals gillnet-1 night-1 (all f ish) Npue 27.6 21.3 13.2 32.0
# of individuals gillnet-1 night-1 (roach) NpueRoach 9.51 5.49 2.2 12.0
Geometric mean length (mm, perch) gmLperch 128 127 113 138
Geometric mean length (mm, roach) gmLroach 137 137 119 154
12 
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for reference lakes. SDresid is used in the transformation of residuals to standardised Z-metrics.  
14 
 
Table 8: Class boundaries to be included in the IC decision.  
Table 9: Mean and median values and interquartile ranges of fish metrics in the 122 Norwegian and 
Swedish reference lakes that are dominated by warm water fish. 
List of figures 
Figure 1: EQR-values in relation to pressures, for a) the acidification index (AindexW5) and pH b) the 
eutrophication index (EindexW3) and total phosphorous (TP, μg/L), in lakes dominated by warm water 
fish species, and with no known pressure except for index-specific pressures. Vertical reference lines 
are set at pH = 6 and TP = 12, respectively, i.e. the thresholds used to identify reference lakes. 
Horizontal reference lines are set at class boundaries derived for Warm fish lakes (H/G = blue, G/M = 
green, M/P = yellow and P/B = orange). 
 
ANNEX 1: Common metric development  
This annex summarizes recent work to develop common metrics for ecological status assessment for fish 
in Swedish and Norwegian lakes. We collated a common Access database with 627 lakes sampled with 
Nordic multi-mesh gillnets. 174 lakes passed a reference filter developed in previous European 
collaboration. These reference lakes were used to model reference values for 25 candidate fish metrics, 
thereby correcting for natural variation due to five environmental factors. The last fish sampling date in 
each lake was used for calibration of multiple regression models. Residuals from lake-specific reference 
values were then used to test metric response to pressure (acidity or eutrophication). Fish metrics were 
finally combined to multi-metric indices. AindexW5 included five metrics with optimum response to pH, 
and EindexW3 comprised three metrics with optimum response to total phosphorous (TP). Both indices 
were optimised for use in lakes dominated by warm water fish species (e.g. perch and roach), in contrast 
to cold water fish such as salmonids (e.g. brown trout and Arctic charr). Ecological quality ratios (EQRs) 
were calculated by dividing observed index values with the median value in reference lakes. The 
boundary between high and good status was set at the 25th percentile of reference lakes, and other class 
boundaries were set at equal distances from the high/good boundary. The results of the study were 
later used in a bilateral intercalibration report (see main document), submitted to ECOSTAT for 
acceptance as intercalibration results. We used the guidance option 1 for using a common WFD 
assessment method.  
Introduction 
Fish fauna is one of the biological quality elements (BQEs) used for ecological status assessment of 
European lakes, according to the Water Framework Directive (WFD, EC 2002). EU member states have 
used hundreds of different methods to assess ecological status (Birk et al. 2012), and methods differ 
even within water categories (e.g. lakes) and BQEs (e.g. fish fauna). The intercalibration (IC) process 
aims at ensuring comparability of classification results revealed by different national methods. 
Intercalibrated metrics should be expressed as ecological quality ratios (EQRs). More specifically, EQR 
values should be established for the boundaries between high and good status, and between good and 
moderate status, consistent with normative definitions in Annex V of the WFD. The ecological status of 
fish fauna in lakes should be assessed in relation to normative definitions on; 1) species composition, 
2) abundance, 3) sensitive species and 4) age structure. 
Norway and Sweden currently have two different official assessment methods for fish in lakes, i.e. the 
Swedish EQR8 (Holmgren et al. 2007, SWAM 2013) and Norwegian index of fish change (NEFI, 
Iversen & Sandøy 2013, Sandlund et al. 2013). Both fish indices considered general degradation, but 
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in practice they respond more clearly to acidification than to eutrophication. In a previous IC exercise 
(Olin et al. 2014), NEFI and EQR8 were considered to be compliant with the WFD (EC 2011), but none 
of them passed all IC steps when compared with Irish and Finnish fish indices for eutrophication (Kelly 
et al. 2012, Olin et al. 2013). NEFI and EQR8 showed no or only weak response to total phosphorous, 
partly due to misleading results when the Swedish method (and its site-specific reference values) was 
applied to fish sampling data from the other countries in the Nordic Intercalibration Group (Olin et al. 
2013). NEFI relies on detailed knowledge of temporal change in native species occurrence and 
dominance relationships, while EQR8 uses deviance from reference values derived by modelling 
observations from recent samples at the least impacted sites.  
This IC project builds on evaluation of preconditions and work done in 2014-2015 (Holmgren 2016). 
Our point of departure was that our current official assessment methods for fish in lakes could not be 
inter-calibrated. They are conceptually too different and they were not correlated when applied to the 
same set of Swedish and Norwegian lakes within the catchment of River Enningdalsälven (Schartau et 
al. 2012, Johansson & Hesthagen 2012). Instead we decided to develop common metrics for ecological 
status assessment in Swedish and Norwegian lakes.  
We used fish data collected by Nordic multi-mesh gillnets (CEN 2015) and lake characteristics and 
pressure data as defined and to a large extent collected in previous European (IC/WISER) 
collaboration (Causse et al. 2011, Argillier et al. 2013). Our approach was to test for metric responses 
to gradients of 1) pH and 2) total phosphorus and % agricultural land use. The responses were 
expressed as deviation from site-specific reference values, as in previous development of Swedish and 
European fish indices (Holmgren et al. 2007, Argillier et al. 2013). Responsive and non-redundant 
metrics were combined to multi-metric indices responding to each studied pressure. The work was 
completed by setting the reference condition as median index values in reference lakes, and by setting 
class boundaries for joint use in Norwegian and Swedish lakes. The most important results in terms of 
IC were later extracted to an intercalibration report outlined according to the IC guidance (EC 2011).  
2 Methods 
2.1 Common data set 
We started with Norwegian and Swedish lakes already included in the IC/WISER database. The original 
dataset was dominated by Swedish lakes most often with no or limited pressure data, e.g. just a notation 
on liming to mitigate negative effects of acidification. We now excluded most of the limed Swedish lakes 
and kept only lakes sampled during the 21st century. Some lakes with new fish data were added, 
provided that lake descriptors and pressure variables were also available in a comparable way. The new 
dataset comprised 627 lakes (203 Norwegian, 424 Swedish). We created a new common data base in 
Access, named “SveNoIC.accdb” (Figure A1), and shared it by using the transfer service Sprend 
(https://sprend.com).  
The table “Lakes” was similar to the corresponding table in the IC/WISER database. Additional tables 
(Sampling, Effort, Catch and Individuals) were created by collection of original fish data from each 
country. Swedish fish data were extracted from the National Register of Survey Test-fishing (NORS, 
Kinnerbäck 2015), and Norwegian fish data were collated at the Norwegian Institute for Nature 
Research, and delivered as Excel-tables.  
2.2 Candidate fish metrics  
The dataset included 40 fish taxa, with 13 species occurring in at least 10% of the lakes (Table A1). 
Most often the catches in these fish communities were dominated by one or a few species. Each sample 
with at least one fish caught was categorised as either Warm or Cold, referring to whether species 
preferring warm or cold water made up more than 50% of the fish abundance and/or biomass. In 
previous work (e.g. Emmrich et al. 2014), cool-water species (e.g. European perch, Northern pike and 
roach) were considered separately from more typical warm-water species (e.g. common bream and 
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pikeperch). However, as the latter group dominated in very few lakes in the present dataset, the cool 
water species were included in our Warm fish group.    
 
 
Figure A1: Structure of the common database “SveNoIC.accdb”. 
 
Table A1: Fish species in the common dataset, sorted by their frequency of occurrence. Figures 
represent numbers of Norwegian (NO) and Swedish (SE) lakes with occurrence. Sum is the total number, 
and % occurrence is also given. Species preferring warm water are marked with yellow and blue denote 
cold water species.   
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Raw metrics were generally selected based on use in existing fish assessment methods (e.g. Holmgren 
et al. 2007, Argillier et al. 2013, Olin et al. 2014). For lakes sampled more than once, we selected the 
last sampling date. We first calculated 31 fish metrics based on catches in benthic gillnets (Table A2). 
To describe abundance and mean size of fish, we considered metrics averaged over all species in the 
catch, as well as species-specific metrics for the species which were most often dominating the Warm 
(perch and/or roach) and Cold fish groups (brown trout and/or Arctic charr), respectively. The 
distribution of each fish metric was explored by histograms. Most metrics were log10-transformed to 
homogenize variances, before further analyses. Proportion metrics were logit-transformed. Four age-
based metrics (median age, maximum age, % age 1+ - 3+, and length at representative age) were 
previously calculated for perch, Arctic charr and brown trout (Holmgren 2016, according to Holmgren 
2013). The age-based metrics were merged to the current dataset, but there were too few lakes with 
age metrics to model reference values.  
Table A2: Descriptive statistics of fish metric values based on data from the last sampling date. Yellow 
rows denote metrics used to calculate reference values and deviance metrics. 
Family name Scientif ic name English name NO SE Sum % Occ.
Percidae Perca f luviatilis European perch 73 374 447 71,2
Esocidae Esox lucius Northern pike 22 342 364 58,0
Cyprinidae Rutilus rutilus Roach 12 330 342 54,5
Cyprinidae Abramis brama Common bream 3 172 175 27,9
Salmonidae Salmo trutta Brow n trout 136 35 171 27,2
Percidae Gymnocephalus cernuus Ruffe 1 169 170 27,1
Cyprinidae Rutilus erythrophthalmus Rudd 0 139 139 22,1
Cyprinidae Alburnus alburnus Bleak 0 132 132 21,0
Cyprinidae Tinca tinca Tench 2 128 130 20,7
Coregonidae Coregonus albula Vendace 2 72 74 11,8
Lotidae Lota lota Burbot 3 69 72 11,5
Cyprinidae Abramis bjoerkna White bream 1 67 68 10,8
Percidae Sander lucioperca Pikeperch 0 64 64 10,2
Salmonidae Salvelinus alpinus Arctic char 30 26 56 8,9
Osmeridae Osmerus eperlanus European smelt 3 52 55 8,8
Coregonidae Coregonus lavaretus Whitefish 6 46 52 8,3
Cyprinidae Carassius carassius Crucian carp 1 45 46 7,3
Cyprinidae Phoxinus phoxinus Eurasian minnow 8 29 37 5,9
Cyprinidae Cyprinidae, not identif ied 0 21 21 3,3
Salmonidae Salvelinus fontinalis Brook trout 14 1 15 2,4
Cottidae Cottus poecilopus Alpine bullhead 1 12 13 2,1
Salmonidae Thymallus thymallus Grayling 3 7 10 1,6
Cyprinidae Leuciscus idus Ide 0 9 9 1,4
Cottidae Cottus gobio Bullhead 0 7 7 1,1
Gasterosteidae Pungitius pungitius Nine-spined stickleback 2 5 7 1,1
Cobitidae Cobitis taenia Spined loach 0 7 7 1,1
Gasterosteidae Gasterosteus aculeatus Three-spined stickleback 6 1 7 1,1
Cyprinidae Abramis ballerus Zope 0 6 6 1,0
Anguillidae Anguilla anguilla European eel 1 4 5 0,8
Cyprinidae Abramis bjoerkna/brama White bream/bream 0 5 5 0,8
Cyprinidae Aspius aspius Asp 0 4 4 0,6
Cottidae Cottus sp. Bullhead, not identif ied 0 4 4 0,6
Cyprinidae Gobio gobio Gudgeon 0 4 4 0,6
Cyprinidae Leuciscus leuciscus Common dace 0 3 3 0,5
Cyprinidae Leucaspius delineatus Belica 0 2 2 0,3
Cyprinidae Leuciscus cephalus European chub 0 2 2 0,3
Salmonidae Salmo salar Atlantic salmon 2 0 2 0,3
Cyprinidae Cyprinus carpio Common carp 0 1 1 0,2
Cottidae Triglopsis quadricornis Fourhorn sculpin 0 1 1 0,2
Salmonidae Oncorhynchus mykiss Rainbow  trout 0 1 1 0,2
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2.3 Environmental variables  
Initially, 15 environmental variables were considered in modelling lake-specific reference values of fish 
metrics (Table A3). Many variables were highly correlated to one or more other variables. To obtain a 
set of non-redundant variables, five variables were finally used, by preferentially selecting variables 
available for most of the lakes.    
Metric code N Min Max Mean SD
1 # of individuals gillnet-1 night-1 (all f ish) Npue 627 0 330 33 46
2 Biomass (g) gillnet-1 night-1 (all f ish) Bpue 627 0 6930 1293 1175
3 # of individuals gillnet-1 night-1 (perch) NpuePerch 603 0 162 15 19
4 Biomass (g) gillnet-1 night-1 (perch) BpuePerch 603 0 4774 522 629
5 # of individuals gillnet-1 night-1 (roach) NpueRoach 603 0 251 13 28
6 Biomass (g) gillnet-1 night-1 (roach) BpueRoach 603 0 3242 285 440
7 # of individuals gillnet-1 night-1 (Arctic charr) NpueArchar 603 0 41.3 0.4 2.7
8 Biomass (g) gillnet-1 night-1 (Arctic charr) BpueArchar 603 0 3116 36 208
9 # of individuals gillnet-1 night-1 (brow n trout) NpueBrow nt 602 0 34.7 1.2 3.3
10 Biomass (g) gillnet-1 night-1 (brow n trout) BpueBrow nt 602 0 2469 121 293
11 # of individuals gillnet-1 night-1 (salmonids) NpueSalm 602 0 41.3 1.6 4.2
12 Biomass (g) gillnet-1 night-1 (salmonids) BpueSalm 602 0 3116 159 360
13 Number of species Nsp 628 0 16 4.1 3.1
14 Simpson's D (abundance) SDn 603 1 6.1 1.9 o.8
15 Simpson's D (biomass) SDw 603 1 6.4 2.2 1.2
16 Mean w eight (g, all f ish) MeanW 603 1 1127 75 93
17 Mean w eight (g, perch) MeanWperch 448 5 685 47 52
18 Mean w eight (g, roach) MeanWroach 342 5 270 36 32
19 Mean w eight (g, Arctic charr) MeanWarchar 51 1 1344 142 205
20 Mean w eight (g, brow n trout) MeanWbrow nt 162 16 1127 153 136
21 Mean w eight (g, salmonids) MeanWsalmx 176 1 1344 158 163
22 Geometric mean length (mm, all f ish) gmL 603 59 457 140 48
23 Geometric mean length (mm, perch) gmLperch 448 56 363 120 35
24 Geometric mean length (mm, roach) gmLroach 342 74 282 131 32
25 Geometric mean length (mm, Arctic charr) gmLarchar 51 44 468 187 75
26 Geometric mean length (mm, brow n trout) gmLbrow nt 162 112 457 211 50
27 Biomass proportion of cyprinids CyprProp 603 0 1.00 0.26 0.28
28 Biomass proportion of cyprinids except roach Cypr2Prop 603 0 0.86 0.10 0.16
29 Cyprinid/Perch (biomass ratio) CypPerRatio 448 0 21.9 1.5 2.6
30 Cyprinid(except roach)/Perch (biomass ratio) Cyp2PerRatio 448 0 16.0 0.7 1.6
31 Biomass proportion of potentially piscivorous percids pPisPercids 603 0 1.14 0.27 0.24
32 Median age of perch MedA-Pe 37 1 9 2.8 1.7
33 Maximum age of perch MaxA-Pe 37 4 18 10.3 3.4
34 % age 1+ - 3+ (perch) 1-3+-Pe 37 5 99.6 69.5 24.9
35 Mean length (mm) of perch at age 2+ L2+-Pe 39 101 243 128 26
36 Median age of Arctic charr MedA-AC 12 2 8 4.1 1.7
37 Maximum age of Arctic charr MaxA-AC 12 7 20 10.7 4.5
38 % age 1+ - 3+ (Arctic charr) 1-3+-AC 12 8.2 73.7 46.6 22.1
39 Mean length (mm) of Arctic charr at age 2+ L2+-AC 11 95 199 29 29
40 Median age of brow n trout MedA-BT 29 2 5 3.2 0.9
41 Maximum age of brow n trout MaxA-BT 29 4 11 7.6 1.6
42 % age 1+ - 3+ (brow n trout) 1-3+-BT 29 8.3 94.5 57.7 23.2
43 Mean length (mm) of brow n trout at age 3+ L3+-BT 31 135 223 187 24
Fish Metric
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Table A3: Descriptive statistics of environmental factors in Norwegian and Swedish lakes, respectively. 
Yellow rows denote the factors finally used in modelling reference values of fish metrics.
 
  2.4 Pressure variables and reference criteria  
The available pressure variables were primarily used to identify a set of reference lakes, based on criteria 
used in previous European collaboration (Causse et al. 2011, Olin et al. 2014). Lakes were therefore 
identified by the following criteria;  
- at least 81% natural or semi-natural land in the catchment, 
- not more than 10 inhabitants per km2 catchment, 
- annual mean of total phosphorus (TP) not more than 12 μg/L,  
- annual mean pH between 6-9, 
- no upstream barriers, 
- no lack of connectivity, 
- no significant water level fluctuation, 
- 0-10% shoreline (bank) modified, 
- no urban/industrial discharge, 
- no stocking, 
- no biological or chemical manipulation (e.g. liming to counteract acidification), 
- low exploitation of fish population by fishing. 
Thus, lakes that did not pass the reference criteria were categorized as; 
- Acidic: mean pH < 6, 
- Eutrophic: mean TP > 12 μg/L and/or at least 19 % agricultural land in the catchment, 
- Limed: treated with limestone (once or most often on regular basis),   
- Hymo: hydro-morphologically altered by upstream barriers, lack of connectivity (including 
dammed outlet), significant water level fluctuation, and/or > 10% shoreline (bank) modified, 
- Other: including Limed, Hymo and any other known and significant pressures (e.g. stocking, bio- 
manipulation or heavy fishing). 
2.5 Reference and deviance values of fish metrics  
Lakes passing the reference filter were used to model lake-specific reference values for each of 25 fish 
metrics (Table A2). Each fish metric was used as dependent variable in stepwise multiple regression. 
Environmental predictors (Table A3), or their squared counterparts, were stepwise entered or removed 
based on critical P values of 0.05 and 0.10, respectively.  
Each fish metric was then expressed as a deviance (D-metric = observed value minus predicted 
reference value). D-metrics were standardised to Z-metrics, by division with the standard deviation of 
Environmental variable Variable code N Min Max Mean SD N Min Max Mean SD
Latitude Latitude 203 58.11 69.69 60.43 2.29 424 55.48 68.30 59.43 2.70
Longitude Longitude 203 4.97 30.77 0.63 3.75 424 11.47 23.48 15.39 2.11
Altitude (m) Altitude 203 10 1500 413 335 424 0 952 214 209
Lake area (km2) lake_A 203 0.01 23.14 1.12 2.40 424 0.02 51.73 2.52 6.06
Maximum depth (m) max_Z 155 3 245 24.8 26.8 424 1 64 13.1 11.0
Mean depth (m) mean_depth 8 7,2 42 18.7 12.9 424 0.3 21.5 4.4 3.3
Catchment area (km2) catch_area 31 0,04 49.9 11.2 13.1 359 0.09 4132 125 422
Alkalinity (meq/L) alkalinity 194 0 0.83 0.04 0.08 246 -0.09 3.68 0.42 0.67
Water colour (mg Pt/L) w ater_colour 137 1 330 43 50 250 3 461 77 74
Total organic carbon (mg/L) TOCmgL1 116 0.3 31.7 4.7 4.7 207 1.7 35.9 11.5 5.7
Annual sum of precipitations (mm) sum_precipitations 151 509 3231 1130 558 423 443 1227 639 98
Annual average air temperature (⁰C) ave_T 194 -2.8 7.1 3.4 2.6 423 -3.8 7.7 4.4 2.6
January avearge air temperature (⁰C) min_T 194 -12.4 1.3 -5.0 3.2 423 -16.7 -0.7 -5.6 3.8
July average air temperature (⁰C) max_T 194 1.7 16.2 12.6 2.9 423 9.2 17.8 14.9 1.7
Amplitude temperature (July-January, ⁰C) amp_T 194 7.2 24.5 17.5 3.3 423 17.1 29.5 20.4 2.6
Norw egian lakes Sw edish lakes
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residuals (SDresid) in reference lakes, with SDresid estimated separately for lakes dominated by cold or 
warm water fish.  
2.6 Metric response to pressures  
The initial set of candidate metrics was reduced by running t-tests to extract Z-metrics differing 
significantly between reference and impacted lakes. Reference lakes were compared with lakes impacted 
by only one pressure type at a time, i.e. lakes assigned as Acidic, Eutrophic, Limed, or Hymo. Correlation 
matrices were used to identify and exclude metrics that were too highly correlated with other metrics 
(threshold Pearson’s r > 0.7). Scatterplots and correlation tests of Z-metric response to pressure (pH 
or TP) further helped to select the most sensitive metric out of pairwise highly correlated metrics.  
2.7 Development of multi-metric indices  
Non-redundant metrics responding significantly to the same pressure were combined to different 
multi-metric indices. Metrics responding to low pH or high TP were combined to one fish index for 
acidification and eutrophication, respectively.  
In the first step, Z-metrics were transformed to P-metrics, calculated as one-tailed P-values of 
cumulative normal distributions. The cumulative lower tail was used for metrics decreasing with a 
specific pressure, and the upper tail was used for metrics increasing with the same pressure. Each 
resulting P-metric may potentially take values between 0 (infinitely large deviation from reference value) 
to 1 (equal to reference value).  
In the next step, multi-metric indices were expressed as the mean value of selected pressure-specific 
P-metrics. Index response to pressure was explored in the same way as described for singular fish 
metrics (section 2.6). Each preliminary index was optimised by stepwise removal of the least sensitive 
metric. The two final indices included the set of metrics with highest correlation between the index and 
the specific pressure gradient. 
2.8 Defining reference condition and setting class boundaries  
Reference conditions (RC) were defined as the median value of each multi-metric index in reference 
lakes. Ecological quality ratios (EQRs) were calculated by dividing observed index values with the RC 
value. EQR was set to 1 for observed values exceeding RC, in order to keep all EQRs between 0 and 1. 
The boundary between high and good status (H/G) was set at the 25th percentile of EQR in reference 
lakes. Other class boundaries (G/M = good/moderate, M/P = moderate/poor and P/B = poor/bad) 
were set at even distances from H/G, as recommended when no clear thresholds appear in metric or 
index response to pressures (EC 2011). 
3 Results and discussion 
3.1 Reference lakes and reference values of fish metrics  
A total of 174 lakes passed the reference filter, representing 48 Norwegian and 122 Swedish lakes. 
Within the selected reference lakes, each of the 25 candidate metrics was significantly influenced by 
one or more environmental factors (Table A4). Average and/or amplitude temperatures were significant 
predictors of most of the fish metrics, as already indicated for a larger data set including lakes across 
Europe (Argillier et al. 2013, Brucet et al. 2013, Emmrich et al. 2014, Arranz et al. 2016). Altitude, lake 
area and/or maximum depth predicted reference values to a more variable extent. The number of 
reference lakes used to estimate standard deviation of residuals differed between metrics, depending 
on missing values of some predictors as well as on absence of key species or taxonomic groups. Any 
missing reference values later prevented calculation of D-, Z- and P-metrics for reference as well as for 
impacted lakes. 
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Table A4: Intercepts and coefficients of regression in models of reference values for each fish metric. 
Transf. describes how fish metrics and environmental factors were transformed before used the models. 
N is the number of reference lakes with predicted reference values, and SDresid is standard deviation of 
residuals (observed minus predicted values). Yellow rows denote the metrics used in final multi-metric 
fish indices. 
 
3.2 Fish metrics responding to pressures 
The screening of 25 candidate Z-metrics revealed significant differences between acidic and reference 
lakes (t-tests, P < 0.05), for four metrics in the Cold fish group and 14 metrics in the Warm fish group. 
Similarly two Z-metrics in Cold fish lakes and 13 Z-metrics in Warm fish lakes differed between eutrophic 
and reference lakes.  
High correlation (Pearson r > 0.7) was often found between Z-metrics of similar meaning, i.e. pairs of 
metrics both representing fish diversity, abundance or individual size. Within correlated pairs, the Z-
metric with higher mean difference between reference and impacted lakes was generally also more 
strongly correlated with the pressure gradient (pH or TP), and was therefore kept as a candidate metric. 
After this first screening step, the following candidate metrics remained; 
pH – Cold fish – 3 metrics: SDn, gmL and gmLbrownt 
pH – Warm fish – 9 metrics: BpuePerch, NpueRoach, BpueRoach, NpueRoach, Nsp, gmLperch, 
gmLroach, CypProp, Cyp2Prop and pPiscPerch 
TP – Cold fish – 2 metrics: MeanW and CypProp 
TP – Warm fish – 7 metrics: Npue, BpuePerch, MeanW, MeanWroach, gmLperc, Cyp2PerRatio, 
pPiscPerch 
T-tests were also performed to indicate differences between impacted and reference lakes for liming 
(Lime) and hydromorphological pressure (Hymo), respectively. Some Z-metrics in limed lakes (3 cold 
and 29 warm fish lakes) differed from reference lakes in similar directions as for the acidic but non-
limed lakes, in accordance with Holmgren et al. (2007). Some Z-metrics responded inconclusively to 
Hymo pressure in three cold fish lakes, and no Z-metrics differed significantly in 17 warm fish lakes with 
Intercept Altitude Altitude2 lake_A (lake_A)2 max_Z (max_Z)2 ave_T (ave_T)2 amp_T (amp_T)2 SDresid N
Metric Code Transf. lg10(x+1) lg10(x+1) lg10(x) lg10(x) lg10(x) lg10(x)
Npue lg10(x+1) 0.846 -0.046 0.102 0.589 -0.425 0.058 0.00096 0.2403 167
Bpue lg10(x+1) 2.888 0.130 -0.207 0.00552 0.000632 0.2471 167
NpuePerch lg10(x) 1.025 -0.0545 0.914 -0.510 0.2797 117
BpuePerch lg10(x) 6.090 -0.328 0.00774 0.3024 120
NpueRoach lg10(x) -0.0731 1.883 -0.643 -0.297 0.000756 0.3810 102
BpueRoach lg10(x) 0.501 -0.264 0.197 0.00308 0.3164 102
NpueBrow nt lg10(x) 1.956 -0.148 -0.00412 0.4366 54
BpueBrow nt lg10(x) 3.599 -0.133 -0.00297 0.4142 54
NpueSalm lg10(x) 1.854 -0.160 -0.00337 0.5004 61
BpueSalm lg10(x) 4.344 -0.276 -0.152 -0.0923 0.4324 61
Nsp lg10(x+1) -0.861 0.131 0.0568 0.0974 -0.00143 0.1294 174
SDn lg10(x) -0.183 -0.0186 0.0430 0.0244 0.0234 0.1328 174
SDw lg10(x) -0.446 0.0485 0.0293 0.1488 174
MeanW lg10(x) 2.662 -0.667 0.263 -0.0736 0.0007 0.2208 168
MeanWperch lg10(x) 1.752 -0.0349 0.2351 120
MeanWroach lg10(x) 1.083 0.0689 0.128 0.0046 0.2089 102
gmL lg10(x) 2.577 -0.0273 -0.0166 0.0786 174
gmLperch lg10(x) 2.030 0.0158 0.0320 0.0802 120
gmLroach lg10(x) 2.109 0.0941 0.0407 -0.00820 0.0726 102
gmLbrow nt lg10(x) 2.146 0.00973 0.000469 0.0653 55
CyprProp lg10([x+0.01]/[1.01-x]) -2.234 -0.149 -0.176 0.170 0.0941 0.5489 168
Cypr2Prop lg10([x+0.01]/[1.01-x]) -1.933 -0.150 0.316 -0.556 0.220 -0.00606 0.4852 168
CypPerRatio lg10(x) -0.568 1.497 -0.540 -0.198 0.4153 103
Cyp2PerRatio lg10(x) -17.908 -0.533 1.796 -0.0448 0.7528 63
pPisPercids lg10([x+0.01]/[1.01-x]) -6.235 0.332 0.190 0.283 0.188 0.5086 174
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Hymo pressure compared to the reference lakes. Hymo pressure was therefore not further considered 
for index development. 
3.3 Multi-metric indices 
The remaining Z-metrics were transformed to P-metrics, by using 1-tailed hypotheses based on 
generally expected response to pressure. Acidity was expected to reduce fish diversity, to reduce 
abundance of at least the most acid-sensitive fish, and to increase average fish size following reduced 
recruitment (e.g. Holmgren et al. 2007 and references therein). Eutrophication was expected to increase 
fish abundance and the proportion of cyprinids, and to decrease average size of dominant fish species 
and the proportion of large piscivorous fish species (Holmgren et al. 2007, Rask et al. 2010, Brucet et 
al. 2013, Emmrich et al. 2014, Arranz et al. 2016). 
Two acidity indices (AindexC3 and Aindex W9) were preliminary calculated as the mean value of up to 
three and nine P-metrics for Cold and Warm fish lakes, respectively. Whenever one or more of the 
included metrics could not be calculated, e.g. no fish to estimate species-specific mean size, the mean 
of remaining metrics was used. Both preliminary indices increased as expected with higher pH 
(AindexC3: Pearson r = 0.309, P = 0.002, N = 96 and AindexW9: Pearson r = 0.570, P < 0.001, N = 
136). By stepwise exclusion of the least responsive P-metrics, an optimised acidity index for Warm fish 
lakes finally included five P-metrics (AindexW5). In Warm fish lakes, AindexW5 was more strongly 
correlated with pH (Pearson r = 0.650) than AindexW9, and also compared to each of the five metrics 
alone (Table A5). AindexW5 actually also performed somewhat better than AindexC3 in the Cold fish 
lakes (AindexW5: Pearson r = 0.403). In fact an AindexW5 is also calculated for lakes with no fish 
(Figure A1), based on deviance from the lake-specific reference value for species richness (metric Nsp). 
To use a common acidity index for Cold and Warm fish lakes is convenient in the sense that we may not 
know the reference species composition (or dominance relationships) in an acidified lake with currently 
no fish.  
 
Table A5: Results of tests of Z-metric response to pressures, shown for metrics finally included in multi-
metric indices for lakes dominated by Warm water fish. N=number of lakes. 
 
 
 
 
 
Fish index
Original 
metric code
Z-metric code N ref. N imp. Mean diff. 95% c.i. of diff.
Pressure 
gradient
Pearson r 1-tailed P N
AindexW5 NpueRoach ZlgNpueRoach 102 11 -1.56 [-2.79; -0.32] pH 0.305 0.002 86
AindexW5 Nsp ZlgNsp 122 42 -1.94 [-2.31; -1.57] pH 0.647 < 0.001 136
AindexW5 gmLroach Zmlg10Lroach 102 11 1.50 [0.26; 2.73] pH -0.388 < 0.001 86
AindexW5 CyprProp ZLogitpCyp 119 42 -1.89 [-2.31; -1.48] pH 0.578 < 0.001 134
AindexW5 pPisPercids ZLogitpPiscPerc 122 40 1.10 [0.69; 1.51] pH -0.436 0.001 134
EindexW3 Npue ZlgNpue 119 69 0.68 [0.20; 1.20] lg10TP 0.388 < 0.001 149
EindexW3 gmLperch ZmLg10Lperch 120 68 -0.75 [-1.13; -0.37] lg10TP -0.440 < 0.001 149
EindexW3 pPisPercids ZLogitpPiscPerc 122 70 -0.54 [-0.86; -0.23] lg10TP -0.354 < 0.001 152
T-test results Correlation results
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Figure A1: Multi-metric fish acidity index (AindexW5) in relation to pH. The panels separate lakes with 
no fish caught (left, N = 19 lakes), or dominated by Cold water fish (middle, N = 98 lakes) or Warm 
water fish (right, N = 164 lakes), respectively. Different colours of symbols represent different number 
of metrics calculated and used in the index.      
Figure A2: Multi-metric fish eutrophication index (EindexW3) in relation to total phosphorous (TP, upper 
row) or % agricultural land use (lower row). The panels separate lakes dominated by Cold water fish 
(left, N = 48 lakes) or Warm water fish (right, N = 152 lakes), respectively. Different colours of symbols 
represent different number of metrics calculated and used in the index.    
One eutrophication index (EindexW7) was preliminary calculated as the mean value of up to seven P-
metrics for Warm fish lakes. The preliminary EindexW7 decreased as expected with increasing TP 
(Pearson r = -0.494, P < 0.001, N = 152). Stepwise removal of the least responsive metrics resulted in 
an optimised index with only three metrics (EindexW3: Pearson r = -0.506). It correlated more strongly 
with TP than each of the three metrics separately (Table A5). EindexW3 for Warm fish lakes also 
responded negatively to % agricultural land use (Pearson r = -0.473, P < 0.001, N = 147). This index 
was, however, not significantly related to either TP or % agriculture in the Cold fish lakes (Figure A2).   
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As already stated (section 3.2), the Z-metrics of MeanW and CypProp both differed significantly between 
49 reference and six eutrophic Cold fish lakes. ZlgMeanW was on average higher in eutrophic than in 
reference lakes (Figure A3), and it tended to increase with TP already within reference lakes. There were 
actually no cyprinids caught in the Cold fish lakes, and the variance in ZLogitpCyp was therefore 
completely attributed to variation in lake-specific reference values. The current dataset revealed no 
specific need for indicators of eutrophication in Cold fish lakes, as just a few Cold fish lakes had TP > 12 
μg/L and most of them had catchments with 0% agricultural land use.  
 
Figure A3: Example of Z-metric distributions in Cold and Warm fish lakes, also separating reference 
lakes (Ref = 1) and eutrophic lakes (Ref = 0). The vertical reference lines is set at Z = 0, i.e. the 
expected mean value in the total set of reference lakes.    
 
In summary, we suggest further validation of two new fish indices (AindexW5 indicating acidity and 
EindexW3 indicating eutrophication). They should primarily be used for lakes dominated by Warm water 
fish (or cool plus warm, as applied in this document). This group comprise the major part of the current 
data set (72 Norwegian and 382 Swedish lakes). Unfortunately we cannot suggest any new indices 
specifically designed for the lakes dominated by cold water fish (117 Norwegian and 32 Swedish lakes). 
On the other hand, few cold fish lakes seemed to be affected by eutrophication. The acidity index will 
also indicate acidification in lakes with no fish obtained in the gillnet samples. Acidity was actually 
confirmed by low pH values in 22 of the 25 lakes with zero catch in the last sampling date. 
3.4 Reference conditions, EQRs and class boundaries 
As expected, the fish metrics in reference lakes varied depending on the environmental factors used to 
model site-specific reference conditions (see section 3.1). The significantly contributing environmental 
factors (Table A4) explained from 14 to 66 % of the variation, as reflected in relationships between 
predicted and observed metric values in reference lakes (Figure A4). The residual variance may include 
effects of unconsidered predictors as well as stochastic measurement or sampling errors, in fish metrics 
and/or environmental predictors. 
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Figure A4: Relationships between predicted (R = reference) and observed metric values in reference 
lakes, for five fish metrics included in AindexW5 (a. – e.) and three metrics in EindexW3 (e. – g.). 
Colours refer to lakes dominated by Warm (red) or Cold water fish (blue).  
When fish metrics were expressed as standardised deviance from site-specific reference values, the 
theoretical reference condition of Z = 0 would translate to P = 1 in tests of two-tailed hypotheses. The 
median P-value (0.5) is, however, a more realistic reference condition, because observed metric values 
in reference lakes are more or less evenly distributed above and below the estimated reference value. 
The reference condition of multi-metric indices (i.e. mean of metric P-values) is similarly expected to be 
close to 0.5. The observed median values of the acidification index (AindexW5) were 0.4951 and 0.5077 
in the Warm and Cold fish reference lakes, respectively. These values were therefore used to calculate 
EQR-values (EQR-AIW5) for reference as well as impacted lakes, depending on which temperature guild 
dominated the catch. The value for Warm fish lakes was by default used also for the acidic lakes where 
no fish were caught. This arbitrary decision would not change the fact that zero fish catches will generally 
give low index values and correspondingly low EQRs. EQRs for the eutrophication index (EQR-EIW3) 
were similarly calculated using the median EindexW3 = 0.5146 in reference lakes dominated by Warm 
water fish, and 0.4693 for the Cold fish lakes, respectively. Although AindexW5 and EindexW3 were 
primarily developed for Warm fish lakes, separate class boundaries were also set for EQRs in the Cold 
fish lakes (Table A6).  
 
Table A6: Class boundaries (CB) set for EQR-values of fish indices for acidification (ECR-AIW5) and 
eutrophication (EQR-EIW3), in both cases separately for Warm and Cold fish lakes. The boundaries 
represent high/good (H/G), good/moderate (G/M), moderate/poor (M/P) and poor/bad (P/B). 
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The distribution of EQR values and corresponding status classes were first explored for reference lakes 
and lakes with no known pressure except for being either acidic or eutrophic. As expected, all acidic 
lakes with no fish were classified as having poor or bad status using the acidification index (Figure A5). 
For Warm fish lakes, all except one Norwegian and two Swedish lakes with pH < 6 were found at less 
than good status. Most of the Warm Swedish lakes with pH > 6 received high or good status, while a 
higher proportion of Norwegian lakes were unexpectedly classified as poor or bad. All except one Cold 
fish lake received high or good status using boundaries for Warm fish lakes, and some lakes fell into a 
lower status class using the higher boundaries for Cold fish lakes. EQR-AIW5 in Cold fish lakes was 
independent of pH, reflecting the weaker response of AindexW5 to pH in this group (Figure A1). 
 
Figure A5: EQR-values for the acidification index (AindexW5) in relation to pH, for lakes with 
no known pressure except for acidification. The panels separate lakes with no fish caught 
(left), or dominated by Cold water fish (middle) or Warm water fish (right), for lakes in Norway 
(NO) and Sweden (SE), respectively. Vertical reference lines are set at pH = 6, i.e. the 
threshold used to identify reference lakes. Horizontal reference lines are set at class 
boundaries derived for Warm fish lakes (H/G = blue, G/M = green, M/P = yellow and P/B = 
orange). 
When applying the EQR values and class boundaries of the eutrophication index, few Warm 
fish reference lakes were classified as less than good status, and no lake as bad status (Figure 
A6). Warm fish lakes with TP between 12 and 50 μg/L received a wide range of EQR-EIW3, 
from high to bad status, while lakes with TP > 50 μg/L were consistently found in the poor or 
bad status classes. In Cold fish lakes, the EQRs of EindexW3 revealed no informative pattern 
in relation to TP, as less than good status was assigned to some lakes with TP < 12 μg/, while 
three lakes with higher TP were all found in the high status group.   
 
CB Warm Cold Warm Cold
H/G 0.736 0.8655 0.7486 0.7124
G/M 0.552 0.6491 0.5615 0.5343
M/P 0.368 0.4328 0.3743 0.3562
P/B 0.184 0.2164 0.1872 0.1781
EQR-AIW5 EQR-EIW3
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Figure A6: EQR-values for the eutrophication index (EindexW3) in relation to total 
phosphorous (TP, μg/L), for lakes with no known pressure except for eutrophfication. The 
panels separate lakes with dominated by Cold water fish (left) or Warm water fish (right), for 
lakes in Norway (NO) and Sweden (SE), respectively. Vertical reference lines are set at TP = 
12, i.e. the threshold used to identify reference lakes. Horizontal reference lines are set at 
class boundaries derived for Warm fish lakes (H/G = blue, G/M = green, M/P = yellow and 
P/B = orange). 
Classification results with fish type-specific class boundaries were finally summarised also for 
all lakes not passing the reference criteria (Table A7), i.e. including acidic, eutrophic, limed, 
hydro-morphologically altered or otherwise impacted lakes. AindexW5 classified 89% of 
reference lakes above the G/M-boundary (i.e. more or less correctly classified), while 52% of 
acidic lakes were found in lower than good status. The share of lakes assigned below the G/M-
boundary was, however, even less (32%) for a combined group of all non-reference lakes, 
irrespective of pressure type. A similar pattern appeared for classification results with 
EindexW3, with 86% correctly classified reference lakes, 47% of eutrophic lakes below G/M, 
and only 27% of all non-reference lakes below G/M. The relatively lower shares of general 
impact detection, is in accordance with the intention of using two pressure-specific indices 
rather than only one index for general degradation or multiple pressures. In contrast, the 
current official Swedish (EQR8) and Norwegian fish indices (NEFI) were developed to detect 
general deviation from reference states, and both of them were poorly related to the two 
eutrophication fish indices used in Finland and Ireland (Olin et al. 2013). 
Table A7: Classification results using fish indices for acidification (AindexW5, left table) and 
eutrophication (EindexW3, right table). Classification was made for reference lakes, for lakes 
with index-specific pressures (Acidic and Eutrophic) and for all lakes not passing the reference 
criteria (All non-ref.). H, G, M, P and B represent status classes, and NA denotes lakes with 
insufficient environmental data for estimation site-specific reference values of metrics 
included in the multi-metric fish indices.  
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3.5 Remaining issues 
The fish indices currently suggested for common use in Norwegian and Swedish lakes would 
need validation with a more or less independent validation dataset. The present study used 
the last fish sampling date per lake for calibration of site-specific reference values. As some 
lakes were repeatedly sampled in recent decades, the simplest way would be to apply the 
new metrics and indices to earlier gillnet samples from a subset of the lakes used for 
calibration. Repeatedly sampled lakes may also be used to estimate uncertainty related to 
sampling in only one year within six-year assessment cycles according to the WFD.  
In spite of the remaining issues mentioned above, we agreed in submitting the current results 
to ECOSTAT for acceptance as intercalibration (IC) results from this Norwegian-Swedish 
collaboration project.  
 
 
 
 
 
 
 
 
 
 
 
 
AindexW5 EindexW3
Status class NO SE NO SE NO SE Status class NO SE NO SE NO SE
H 31 100 24 4 46 154 H 36 94 4 30 107 112
G 7 17 20 3 32 13 G 4 15 0 6 19 25
M 2 6 6 3 11 10 M 1 10 1 10 8 31
P 1 4 5 3 12 8 P 3 8 0 13 8 21
B 5 1 28 11 46 31 B 2 1 0 12 4 27
NA 0 0 2 0 9 0 NA 0 0 0 0 10 0
Reference Eutrophic All non-ref.AcidicReference All non-ref.
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